Background: To improve negative birth experiences among women who experience intense labor pain during labor, it is important to examine the relationship between fear of childbirth immediately after vaginal delivery and the actual intensity of labor pain. However, previous studies have generally evaluated labor pain in a retrospective setting. Purpose: This study examined the relationship between fear of childbirth immediately after vaginal delivery and the actual labor pain intensity and accumulated labor pain intensity without pharmacological pain relief during labor in Japan. Methods: A prospective observational study was conducted between July 2015 and April 2016. Forty-seven pregnant Japanese women were available for analysis. Fear of childbirth was measured by the Japanese version of the Wijma Delivery Expectancy/Experience Questionnaire (JW-DEQ) version B on the third day after vaginal delivery. Participants with scores of 85 or higher were categorized in the high JW-DEQ group, having severe fear of childbirth. Labor pain intensity was examined chronologically in real time with stepwise usage of two types of Numeric Rating Scale (NRS). Accumulated labor pain intensity was calculated using the area under the curve (AUC). Results: Nine participants were in the high JW-DEQ group and eight of the nine were primiparae. Primiparae in the high JW-DEQ group experienced significantly longer duration and larger accumulated labor pain intensity between the onset of labor and 4 to 6 cm of cervical dilatation than those in the low JW-DEQ group (P = 0.024 and P = 0.021, respectively). Conclusions/Implications for Practice: The latent phase of labor was a key stage to improve fear of childbirth immediately after vaginal delivery without pharmacological pain relief among Japanese primiparae. Midwives should give assistance in the latent phase of labor by focusing on progressing labor smoothly and relieving labor pain to improve negative birth experiences. 
Introduction
Fear of childbirth is a negative emotion and can be divided into two forms: anticipatory fear during pregnancy and experienced fear after delivery [1] . One of the key components of fear of childbirth is considered to be fear of pain [2] . Fear of childbirth after delivery was correlated with labor pain estimated retrospectively 2 days after delivery among Japanese primiparae [3] . Women preferred a cesarean section in subsequent pregnancies due to fear of pain [4] . Women with severe fear of childbirth during pregnancy had increased incidence of elective cesarean section [5] [6] . Moreover, severe labor pain and fear of childbirth both during pregnancy and after delivery led to negative birth experiences [7] [8], and negative birth experiences recalled 2 days after delivery did not improve for up to 9 months [7] . However, previous studies examining the relationship between fear of childbirth after delivery and labor pain have generally measured labor pain retrospectively.
To assess labor pain appropriately, it is important to measure the pain intensity in real time during labor. The intensity of labor pain examined retrospectively differed significantly from the pain that was actually experienced [9] . However, in the previous study, intensity of labor pain was evaluated only 3 times and included participants receiving pharmacological pain relief during labor [9] . Additionally, the duration is also important in managing pain because the pain changes over time. Therefore, the area under the curve (AUC) produced by actual intensity of pain and its duration should be used as an indicator of overall pain burden [10] .
There were 976,978 live births in Japan in 2016 [11] . About 80 percent of the childbirths were vaginal deliveries [12] , and most vaginal deliveries did not use obstetrical analgesia or anesthesia during labor. Therefore, most pregnant Japanese women experience intense labor pain when giving birth. In countries like Japan where vaginal delivery without pharmacological pain relief is mainly provided, it is important to examine the relationship between fear of childbirth immediately after vaginal delivery and the actual intensity of labor pain to improve negative birth experiences among women who experience pain throughout labor.
In this study, we evaluated the actual intensity of labor pain chronologically in real time and calculated the AUC produced by the intensity of labor pain and duration of labor as an indicator of accumulated labor pain intensity. We also identified the association between fear of childbirth immediately after vaginal delivery and the actual intensity of labor pain at two points (at 4 to 6 cm of cervical dilatation and at full cervical dilatation) and the accumulated labor pain Open Journal of Nursing intensity.
Methods

Participants and Setting
A prospective observational study was conducted between July 2015 and April 2016 at two private clinics and one university hospital in Tokyo and Chiba Prefectures. Chiba Prefecture is located to the east of Tokyo. The inclusion criteria of the participant were Japanese women with a singleton pregnancy at 37 to 41 weeks of gestation. We excluded the following women from the study: unmarried, less than 20 years old, having a past medical history of cesarean section or instrumental delivery, having a past history of stillbirth or an injured newborn, and having complications requiring medication at the start of this research. Sixty-one women agreed to participate and 13 were excluded because of emergency caesarean section during the study (4 cases), rapid progress of labor (2 cases), prolonged labor (2 cases) and more than 6.0 cm of cervical dilatation at the start of research (5 cases). One woman was excluded due to neonatal asphyxia. Ultimately, 47 women analyzed in this study.
This study was approved by the Ethics Committees of Health Sciences, Osaka University (No. 321) and of Tokyo Women's Medical University (No. 3429). All participants received a detailed explanation and completed a written informed consent form in which the anonymity, confidentiality and right of withdrawal at any time from the study were assured. This study gave priority to clinical practices when measuring during labor and on the third day after delivery.
Measurements
Fear of Childbirth (Experience)
Fear of childbirth (experience) immediately after vaginal delivery was measured by the Japanese version of the Wijma Delivery Expectancy/Experience Questionnaire (JW-DEQ) version B on the third day after delivery [13] . The W-DEQ was originally developed in Sweden and is used to measure the level of fear related to childbirth during pregnancy (expectancy) in version A and that after delivery (experience) in version B [1] . The Cronbach's alpha value of the original Swedish version B was 0.93 at 2 hours after delivery and 0.94 at 5 weeks postpartum [1] . The JW-DEQ versions A and B examine four factors: fear, lack of positive anticipation, isolation and riskiness [13] [14] , and are consistent with the Swedish and English versions [15] [16] . The Cronbach's alpha value of JW-DEQ version B was 0.94 on the second day after delivery [13] . The scale consists of 33 items with six-point responses, ranging from "not at all" (0) to "extremely" (5) . The total score ranges from 0 to 165 and higher scores indicate a higher level of fear of childbirth. Scores over 85 indicate a severe fear of childbirth. logically in real time. The NRS is widely utilized in several clinical practices and studies as an assessment tool of labor pain similar to the Visual Analog Scale (VAS). The NRS has an eleven-point numeric scale and has been shown to be applicable for unidimensional assessment of pain intensity because of higher compliance rates, better responsiveness, ease of use, and better applicability relative to VAS [17] . Participants choose a segmented number to indicate their pain intensity at that moment [18] .
In this study, the labor pain intensity was evaluated by stepwise usage of two types of NRS. The NRS-10 estimates pain intensity as a score of 0 (no pain) to 10 (the worst pain imaginable) on a 100 mm line. The NRS-20 has another scale in which 10 points are added to the NRS-10 on a 200 mm line, and 11 to 20 mean pain that is worse than "the worst pain imaginable". When participants scored 11 to 20 in the NRS-20, they felt worse pain than "the worst pain imaginable" in the NRS-10. It was pointed out that the scale with an upper limit of 10 had a limitation in continuously rating labor pain intensity during labor because women perceived 10 out of 10 during labor and then experienced worse pain as labor progressed. Therefore, the need for an expanded scale was suggested for assessing severer labor pain intensity [19] . In our preliminary study, we only used the NRS-10 to evaluate the labor pain intensity of women who did not receive any obstetrical analgesia or anesthesia in the time period without uterine contractions approximately every hour and sometimes found that their NRS-10 scores reached 10 during labor. Therefore, we initially used the NRS-10, and when a participant's score reached 10, we used the NRS-20 starting with the next examination. Vaginal examinations were conducted by obstetricians and midwives in the usual clinical setting. Seven participants (14.9%) did not answer between one and five times during their labor. In these cases, we used the previous scores instead of a new score. When we could not measure the score just before delivery, we evaluated labor pain intensity immediately after delivery.
Duration of Labor
We defined the duration between the onset of labor and 4 to 6 cm of cervical dilatation as Stage 1-1, that between 4 to 6 cm of cervical dilatation and full cervical dilatation as Stage 1-2, and that between full cervical dilatation and delivery as Stage 2. The durations were calculated from data on the medical records and programs.
Accumulated Labor Pain Intensity
The accumulated labor pain intensity was calculated using pain intensity and duration as an area under the curve (AUC) by using the trapezoid rule [10] [20] [21] [22] . In this study, the AUC was separated into triangles and trapezoids as 
Demographic and Medical Characteristics of Participants
The recorded maternal demographic and medical characteristics were as follows:
maternal age, parity, smoking status, antenatal education, mode of delivery, induction of labor and episiotomy. As for the neonate, the birth weight and Apgar score at 5 minutes after birth were also recorded.
Data Analysis
The statistical analysis was performed with IBM SPSS Statistics 23.0 (SPSS Inc., Chicago, Illinois). All statistical tests were two tailed, and P-values < 0.05 were used to examine the obstetric factors between the two groups. To clarify the effect of parity, we also compared the obstetric factors between the high JW-DEQ group and the low JW-DEQ group in primiparae using the unpaired t-test.
Results
Of 47 participants, the mean maternal age was 31.9 years (SD = 4. A comparison of the demographic and medical characteristics between the low (<85) and the high (85 or more) JW-DEQ groups is shown in Table 1 . The high JW-DEQ group was younger than the low JW-DEQ group (P = 0.002).
Eight of the nine in the high JW-DEQ group were primiparae and there was a significant difference in parity between the two groups (P = 0.024). No differences were found in smoking in pregnancy, antenatal education, mode of delivery, induction of labor or episiotomy.
Obstetric factors of the two groups are shown in Table 2 . Comparing the obstetric factors between the two groups, the duration of whole labor was 12.9 (SD There were no significant differences between the two groups in the whole labor and Stages 1-2 and 2.
As described above, eight of the nine in the high JW-DEQ group were primiparae. We compared the obstetric factors between the two groups among all 26 primiparae in Table 3 . The scores of pain intensity at three measurements (at the time of 4 to 6 cm of cervical dilatation, at full cervical dilatation and immediately after delivery) did not differ between the high and the low JW-DEQ groups. In contrast, the duration in Stage 1-1 was 8.6 (SD = 3.3) in the high JW-DEQ group and 4.8 (SD = 3.8) in the low JW-DEQ group. The accumulated labor pain intensity in Stage 1-1 was 33.5 (SD = 9.8) in the high JW-DEQ group and 16.7 (SD = 18.0) in the low JW-DEQ group. The duration and accumulated labor pain intensity in Stage 1-1 in the high JW-DEQ group were significantly higher than in the low JW-DEQ group (P = 0.024 and P = 0.021, respectively). In the other stages, there were no significant differences in duration and accumulated labor pain intensity between the two groups. Differences between the groups were tested by unpaired t-test.
Discussion
In this study, we evaluated the intensity of labor pain chronologically in real time during labor, and accumulated labor pain intensity was calculated using the area under the curve (AUC) in which labor pain intensity and duration of labor are multiplied. We also examined the association between fear of childbirth immediately after vaginal delivery and obstetric factors, i.e., duration of labor, intensity of labor pain at each measurement point and accumulated labor pain intensity. The results indicated that primiparae with severe fear of childbirth experienced a longer time from the onset of labor to the time of 4 to 6 cm of cervical dilatation (Stage 1-1) and suffered from greater accumulated labor pain intensity, suggesting that the latent phase is a key stage in reducing the fear of childbirth immediately after delivery for primiparae. Nine (19.1%) participants had scores of 85 or more on the JW-DEQ, indicating severe fear of childbirth in vaginal delivery without obstetrical analgesia and anesthesia during labor. Of these nine, eight were primiparae. The mean score of JW-DEQ version B for primiparae was higher than that of multiparae among Japanese women [3] [13] . We excluded the multiparae who had a past medical history of cesarean section or instrumental delivery because these women might have greater fear of childbirth in subsequent pregnancies than those with spontaneous vaginal delivery [23] [24] . Therefore, we examined the results of primiparae as shown in Table 3 .
In our study, the intensity of labor pain at 4 to 6 cm of cervical dilatation was not significantly different between the high and low JW-DEQ groups (P = 0.071). One previous study did not find a correlation between intensity of labor pain at 3 to 5 cm of cervical dilatation and fear of childbirth on the second day postpartum [25] . Women without epidural analgesia (EDA) perceived the highest level of intensity of pain at full cervical dilatation [26] . Our result was similar, indicating a higher mean score of NRS at full cervical dilatation than at 4 to 6 cm of cervical dilatation. Participants experienced severe labor pain with a score exceeding 10, that is, women perceived an extraordinary pain that could not be imagined. However, the intensity of labor pain at full cervical dilatation was not significantly correlated with fear of childbirth immediately after delivery (P = 0.448).
The accumulated labor pain intensity of Stage 1-1 from the onset of labor to the time of 4 to 6 cm of cervical dilatation was significantly different between the high and the low JW-DEQ groups (P = 0.021). According to Friedman's curve, the time of 4 to 6 cm of cervical dilatation is the transitional phase from the latent phase to the active phase, and progression of labor in the latent phase is generally slow. A previous study interviewed postpartum women concerning their experience during the latent phase and reported that they had experienced difficulty enduring the slow progress and suffering from pain to no avail [27] . In Stage 1-1, the duration in the high JW-DEQ group was significantly longer than that in the low JW-DEQ group (P = 0.024). A previous study reported that primiparae who had a significantly longer (over 13 hours) latent phase felt severe Open Journal of Nursing fear of childbirth immediately after vaginal delivery and caesarean section [28] . The primiparae in our study had vaginal delivery with a normal duration (30 hours or less). Therefore, our results revealed that slow progression of Stage 1-1 and a large overall pain burden experienced during Stage 1-1 could cause fear of childbirth immediately after delivery in primiparae with normal labor progress. We concluded that the overall pain burden reflecting the duration of pain experience, rather than pain intensity at a certain point, should be considered when retrospectively evaluating fear of childbirth after delivery.
Eight primiparae with severe fear of childbirth showed 3.8 (SD = 0.8) hours of Stage 1-2, which was not significantly shorter than those of the low JW-DEQ group (P = 0.052), but we considered that the lack of significance could be explained by the limited statistical power. Of eight primiparae with severe fear, six received oxytocin administration to induce or augment the labor. A previous study reported that primiparae who experienced slow labor and received augmented labor perceived severe pain [29] . We considered that a large accumulated labor pain intensity during Stage 1-1 and rapid progress of Stage 1-2 caused by oxytocin administration might increase fear of childbirth immediately after delivery.
Our study had three limitations. First, we did not examine fear of childbirth by using the JW-DEQ version A. Among Japanese primiparae, fear of childbirth during pregnancy is associated with fear of childbirth immediately after birth [13] . We need to conduct a follow-up study from pregnancy to the postpartum period. Second, we could not always evaluate the labor pain intensity in real time, so we used the previous scores instead of a new score or evaluated the labor pain intensity immediately after delivery. Those alternative methods could underestimate the labor pain intensity. We also calculated the AUC assuming that the labor pain intensity at the onset of labor was 0 and increased linearly during Stage 1-1. Women are hospitalized as labor progresses, so it is difficult to measure pain intensity at the time of onset of labor. We need to improve the data collection at the onset of labor. Third, the study used a small number of pregnant Japanese women. The sample was recruited by convenience. We did not calculate a minimum sample size because we could not obtain published data to estimate the difference of fear of childbirth among the high and low JW-DEQ groups as no previous study has evaluated labor pain intensity in real time. Therefore, we cannot generalize the results of correlation between fear of childbirth and labor pain intensity. A selection bias due to the small sample size and recruitment method may have affected our results. We should calculate an appropriate sample size and conduct a further study based on the results of this study.
Fear of childbirth (experience) is an important outcome when considering the quality of midwifery care for women during labor to improve negative birth experiences. Despite our limited knowledge, we emphasize the importance of midwifery care in the latent phase of labor to reduce the fear of childbirth immediately after delivery among pregnant Japanese women who give birth with- [30] . However, even in vaginal delivery, the pain experience during labor may give pregnant Japanese women severe fear of childbirth immediately after delivery. In Japan, it is not common to provide pharmacological pain relief. Further studies are needed to provide safer and more comfortable midwifery care to reduce the labor pain intensity and the fear of childbirth related to negative birth experiences.
Conclusion
We found that a long duration and large amount of accumulated labor pain intensity between the onset of labor and the time of 4 to 6 cm of cervical dilatation (Stage 1-1) were associated with fear of childbirth immediately after vaginal delivery among Japanese primiparae. It is important that midwives give assistance in the latent phase of labor by focusing on progressing labor smoothly and relieving labor pain to improve negative birth experiences.
